In addition to decreasing air quality, carbon monoxide (CO) and nitrogen dioxide (NO 2 ) gases also have a major impact on the deterioration of human health. Air pollution index (API) was investigated as well as the potential health risk from the exposure of carbon monoxide and nitrogen dioxide to traders in Malengkeri bus station, Indonesia. Samples were collected by purposive sampling technique. The results revealed that air pollution index of CO and NO 2 at the beginning of the week were 1473.82 and 2.57, respectively. While on the weekend were 2874.83 and 1.53, respectively. The average risk quotient of acute exposure at the beginning of the week for CO was 0.0036. While on the weekend was 0.0041. The average risk quotient of chronic exposure at the beginning of the week for NO 2 was 0.02. While on the weekend was 0.01. The air pollution index of CO from the beginning until the end of the week could be described as a danger for human health, while for NO 2 was good. Both average risk quotient of CO and NO 2 had not exceeded the guideline (>1) and not indicated any noncarcinogenic health risk. However, the male might suffer from the effect compared with female.
Introduction
Air pollution is a multifaced mix consisting of suspended particulates and gaseous pollutants [1] . The increase in human population, industrialization, urbanization, and modernization are significant contributors to the rising urban air quality problem [2] . In many areas, decreasing ambient air quality cannot be separated from the significant increase in vehicles. Statistical data showed the number of vehicles in Makassar, Maros, Sungguminasa, and Takalar (Mamminasata) of South Sulawesi, Indonesia has increased in the last three years. Although the trend of vehicles that pass the emission test in three monitoring periods (2007 -2011) have shown the continues to increase (50% to 80%), however, ambient air quality still has parameters with an average concentration exceeding the quality standard, namely HC which is two times higher than the standard quality value in 2012 [3] . Vehicle emission has also become the dominant source of various air pollutants, including carbon monoxide (CO), carbon dioxide (CO 2 ), volatile organic compounds (VOCs), nitrogen oxide (NO X ), and particulate matter (PM) [4] . These emissions continue to be a major environmental problem and contribute to risks of morbidity and mortality for drivers, commuters, and individuals living near roadways [5] , [6] .
Among some pollutant that comes from vehicles, carbon monoxide is one of the most dangerous from others. CO has classified as the 'respiratory pollutant' sub-group 'asphyxiants,' which is a pollutant that has an impact or effect on the respiratory and circulatory systems [7] . The amount of CO in the air by 0.032% comes from incomplete combustion. When running, CO gas produced in a gasoline engine is around 1% and 7% when not running. While diesel engines produce CO in the air by 0.2% when running and 4% when not running [8] . However, even at much lower doses typically found in outdoor air, numerous studies have found an association between short-term variation in outdoor CO levels and increased risk of cardiovascular morbidity and mortality [9] , [10] Who set guideline values for CO, a 1-hour level of 30 mg/m 3, and an 8-hour level of 10 mg/m 3 [11] .
In addition to the existence of CO as a dangerous pollutant substance, in urban air, NO 2 , a secondary air pollutant which is also quite dangerous for human health, is mostly derived from local vehicular traffic through the oxidation of NO by O 2 in the atmosphere [12] . NO 2 is a highly reactive oxidant and corrosive, but it also a good surrogate indicator of traffic generated pollutant. NO 2 acts mainly as an irritant affecting the mucosa of the eyes, nose, throat, respiratory tract, and development of acute or chronic bronchitis [13] . Given the adverse health effect of NO 2 , WHO set guideline values for NO 2 , a 1-hour level of 200 µg/m 3 and 24hour level of 40 µg/m 3 [12] .
At present, public transport and its infrastructure are still a common feature of urban transportation in a developed and developing the country. But, the state of public transport in the cities of the developing countries differs widely from those of the developed countries [14] , [15] . Public transport and its infrastructure in Makassar as one of the big cities in Indonesia is regarded as poorest in the world. There is no rail way of transit service as one of the alternative modes of transportation for the community. Thus, transportation mode in Makassar commonly refers to the motorcycle, microbus, and taxi. The city's public microbus lines suffer from an absence of effective regulations, which means there are no official microbus stops, and drivers can stop anywhere to let people on and off. Even in some cases, because the lack of facilities and the absence of specific regulations about vehicles, the bus station is not only used as a special transit site for buses but also used for other types of vehicles such as microbuses. It resulted in the more dense pollutant bus station and will impact all community, including traders.
Materials and methods

Study area overview and human samples
All pollutant (CO and NO 2 ) were collected as risk agents of vehicles emission on June 19 th -July 25 th, 2015 at Malengkeri Bus Station. Figure 1 shows the study area location. Considering the factors such as traffic flow rate, amount of vehicle, term of operation, sampling condition, eight sampling sites were selected through two measurement, in the beginning of the week (Monday -Wednesday) and on weekend (Friday -Sunday), including one in station entrance, one in station exit, four in the bus/minibus parking lot, two at the bus stop. Each risk agent in sampling site was measured three times a day for 1-hour measurement (morning, afternoon, and evening). The data obtained was used to calculate the air pollution index and inhalation risk assessment. The human samples which amounted to 58 people in this study were traders who worked during the bus station operating hours and were determined based on two criteria, (1) having worked for at least 1 year in the bus station area and (2) willing to participate in this study. 
Sampling and analysis methods
Footnotes and acknowledgments
Air sampling. In this study, CO concentration in the air was determined by non-dispersive infrared (NDIR) method. While NO 2 concentration was determined by the Griess Saltzman method using impinge sampling technique and spectrophotometric measurement. Collected air sample was used to determine air pollution index (API) and inhalation risk assessment of traders. However, at the time of field measurement, the measurement time required for data retrieval is sometimes not by the measurement time specified in the quality standard, for example, carbon monoxide. Carbon monoxide was collected within 1-hour measurement in the field, while in the quality standard used 8-hours measurement. This can be anticipated by estimating the measurement time in the field with the measurement time by the quality standard by using the Canter constant in the mathematical expression (1) below:
Where, C 1 = average concentration of air pollutants with measurement time based on quality standards (µg/m 3 ); C 2 = average concentration of air pollutants based on field measurement time (µg/m 3 ); t 2 = average time based on field measurement(hours); t 1 = average time based on quality standard (hours); p = canter constant (0.186).
Air pollution index
API measurement was used to determine daily air pollution index of the pollutant for which EPA has to establish National Air Quality Standards (NAAQS) with an epidemiological function to determine a descriptor of human health effect due to short-term exposure (24 hour or less) [6] . The measurement was adopted in the decree of the Head of the Indonesian Environmental Impact Management Agency and contained: Both API of CO and NO 2 were calculated using the mathematical expression (2) and would be compared using the value in table 1:
Individual air pollution indexes and their corresponding concentration limits
(
Where, I p = the index value for pollutant P; C P = the truncated concentration of pollutant, P; BP Hi = the break site that is ≥ C P ; BP Lo = the break site that is ≤ C P ; I Hi = the AQI value corresponding to BP Hi , I Lo = the AQI value corresponding to BP Lo
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Inhalation risk assessment
Inhalation risk assessment methods of the U.S. Environmental Protection Agency (EPA) [17] was used to estimate health risk through inhalation pathway for two kinds of people (adult male and adult female). Because CO had an acute effect if inhaled more than 500 ppm for 1 hour [18] , [19] , then the individual intake of acute exposure rate for CO, calculated as an hourly dose, not daily dose using the mathematical expression (3) (2) :
Where AHD = the average hourly dose for inhalation (µg/kg/hour); C = the concentration of the chemical (µg/m 3 ); IR = the inhalation rate (m 3 /hour); W b = the body weight (kg). While individual dose for chronic daily exposure pollution of NO 2 , calculated using the mathematical expression (4) [20] :
Where, ADD = the average daily dose (mg/kg-day); C = the average concentration of air pollutant (mg/m 3 ); IR = the average values of inhalation rate (m 3 / day or m 3 / hour; male = 0.79 m 3 /hour, female = 0.59 m 3 /hour) [21] ; t E = the average daily exposure time (hours/day); f E = the average exposure frequency (days/year); D t = the average exposure duration (years); W b = the average weight (kg); t avg = the average time period (30 x 365 days for noncarcinogenic; 70 x 365 days for carcinogenic).
After calculated average daily dose, the risk quotient (RQ) approach used the assumption of dose additivity to assess the noncancer health effects from the data on the components. Risk Quotient (RQs) was normalized doses or exposure levels of the components and consist of the ratios of the exposure doses or exposure levels of a component to the health guidance values of the component, such as ATSDR's minimal risk levels (MRLs) or EPA's reference doses (RfDs)/reference concentration (RfCs). The health guidance value was the normalizing factor. If the RQ values did not exceed guidelines (> 1), it means not indicated any noncarcinogenic health risks. However, If the RQ values had exceeded the guideline (>1), means indicated noncarcinogenic health risk for the whole lifespan. Noncarcinogenic RQ was calculated using the mathematical expression (5) [22] : (5) Except for RfC CO, each MRL or RfC pollutants were taken from a list issued by ATSDR and EPA . For example, RfC NO 2 was 0.02 mg/kg-day. RfC CO (23 mg/m 3 ) was derived from the value of Office of the Environmental Health Hazard Assessment (OEHHAs) reference exposure level (RELs) [23] , after being converted using equation (3) with average hourly dose equal to reference concentration (AHC = RfC), as follows: (6) 0.27 mg/kg-hour Inhalation rate used as a standard in this study set by China's ministry of environment (0.69 m 3 /hour) [21] with an average body weight of traders as a sample. The value of China inhalation rate was closed to the inhalation rate used in several studies in Indonesia although there was a difference in body weight by 5.2% of the average body weight of Indonesians [24] , [25] , [26] . Therefore, RfC of carbon monoxide and nitrogen dioxide used in this study were 0.27 mg/kg-hour and 0.02 mg/kg-day, respectively.
Results and discussion
Pollutant concentration.
Air sampling concentration (carbon monoxide and nitrogen dioxide) were shown in Table 3 . 
Air pollution index
In terms of air pollution index (API) showed in table 4, the variation across all sampling sites revealed that the average concentration of carbon monoxide was highly enough and increased by 47.2% from 233.55 µg/m 3 to 342.98 µg/m 3 during the beginning of the week to the weekend. Although both average concentrations have not passed the level of national air pollution standards, this increase has caused average air pollution index in the bus station area also increased significantly by 95.3% from 1473.82 to 2874.83. This condition has been categorized as hazardous. In contrast, the average concentration of nitrogen dioxide from the beginning of the week had shown low concentration if compared with national air pollution standards and decreased by 41.3% on the weekend. Thus, the air pollution index for both measurement periods also shows good conditions. When viewed based on sampling sites (Figures 2 and Figure 3 ), the standard values of air pollutant index for carbon monoxide parameters at sampling site 1-4 were increased during the weekend when compared to the beginning of the weekOn the contrary, for sampling sites 5 -8, it was decreased. The highest value at the beginning of the week came from sampling site 4 (2972.56), while the lowest came from sampling site 8 (1464.92). On the weekend, the highest value came from sampling site 2 (4990.72), and the lowest came from sampling site 8 (1399.95). In general, all sampling sites were categorized as hazardous. For nitrogen dioxide, the value of the air pollutant index at each sampling site had decreased on the weekend. The value of air pollutant index at the beginning of the week was ranged between 1.33 -3.58 and on the weekend were ranged between 0.79 -2.67. In general, the whole site can be categorized as good. 
Average hourly and a daily dose
In terms of average hourly dose (AHD) and average daily dose (ADD) showed in table 6 , the variation across all sampling sites at the beginning of the week revealed that the average hourly dose for carbon monoxide was ranged from 0.0026 -0.0067 mg/kg-hour with the highest value came from sampling site 4 (0.0091 mg/kg-hour). While on the weekend was ranged from 0.0029 -0.0082 mg/kg-day with the highest value came from sampling site 2 (0.0191 mg/kg-day). For nitrogen dioxide at the beginning of the week, the average daily dose at each sampling site was ranged from 0.0001 -0.0013 mg/kg-day with the highest value came from sampling site 2 (0.0031 mg/kg-day). While on the weekend was ranged from 0.0001 -0.0006 mg/kg-day with the highest value also came from sampling site 2 (0.0014 mg/kg-day). 
Average risk quotient and risk quotient cumulative
Average risk quotient, according to gender, was shown in table 7. At the beginning of the week, the average risk quotient of CO for male in all sampling sites was 0.0053, with the highest value came from sampling site 2 (0.0081). While on the weekend was 0.0046 with the highest value also came from sampling site 2 (0.0191). For female, the average risk quotient of CO in all sampling site was 0.0035, with the highest value came from sampling site 4 (0.006). On the weekend was 0.0041 with the highest value came from sampling site 2 (0.008). In general, average risk quotient of acute exposure at the beginning of the week for CO was 0.0036. While on the weekend was 0.0041. The measured average risk quotient of NO 2 for male at the beginning of the week was 0.05 with the highest value came from sampling site 2 (0.157), while on the weekend was 0.02 with the highest value came from sampling site 4 and 7 (Both were 0.03). For female, the average risk quotient at the beginning of the week was 0.02 with the highest value came from sampling site 4. While on weekend was 0.01 with the highest value also came from sampling site 4 (0.03). In general, average risk quotient of chronic exposure at the beginning of the week for NO 2 was 0.02. While on weekend was 0.01. The estimation of risk for acute and chronic exposure to CO and NO 2 revealed that RQ < 1.0 for all population (male and female). This implied a negligible risk for all traders, both male and female. However, based on the results that have been explained previously, male may suffer from the effects compared with female. Air pollution is now fully acknowledged to be a significant public health problem, responsible for a growing range of health effects that are well documented from the results of an extensive research effort conducted in many regions of the world [27] . Long-term effects of air pollution on the onset of diseases such as respiratory infections and inflammations, cardiovascular dysfunctions, and cancer is widely accepted; hence, air pollution is linked with millions of deaths globally each year [28] . Our finding revealed that CO concentration on weekends is much higher than at the beginning of the week. This is consistent with the several studies where air pollution on the weekend increases relatively higher than during working days. On weekends, most people go for a vacation and use vehicles such as motorcycle, car or public transport, resulting in increasing the number of vehicles on the road that has an impact on the increased concentration of pollutants. But this does not apply to certain types of pollutants [29] [30] [31] . For example, NO 2 concentration has significantly decreased on the weekend. This contrasts with the results obtained for carbon monoxide. The low concentration of NO 2 recorded in our study may be because NO x emission has started to decrease considerably around the world [32] . In the USA, surface NO 2 level was decreased by 33% between 2001 and 2010 [33] . In Germany, NO x has decreased significantly since the mid-80s for about approximately 60%. In East Asia, there has also been a decrease in NO 2 concentration when compared to CO 2 [34] . The overall decrease in concentration is due to several factors. Some of them are a significant reduction in the use of fossil fuels, distance from the highway and the speed of reaction in the formation of substances that is much slower when compared to other pollutants [34] [35] [36] .
Carbon monoxide and nitrogen dioxide level in urban and industrial areas closely reflect traffic density (in combination with weather condition). In Germany, even has decreased significantly since the mid-80s, nitrogen oxide emissions are still largely caused by road traffic. Nationwide, the share of road transport in the total NO x emissions is currently around 60% [32] . A study in Nigeria revealed, the highest CO concentration was recorded at two major traffic intersection; this may be due to the high presence of vehicle during sampling [37] . This condition also occurs in this study during the process of measuring air samples. Because bus stations are not used specifically for buses, but public transport like minibus can enter the station to pick up passengers, there is a density of traffic flow inside the bus station [31] . Another study revealed that higher significant concentration of CO found at the bus station location. This higher level of some air pollutants may be due to the combustion of fuel types and idling buses [38] . Also, meteorological factors (temperature, humidity, and wind speed) have a positive correlation with the concentration of pollutants in the air [39] .
In this study, air pollution index of both CO and NO 2 gives different results according to the measurements of air concentration. The air pollution index of CO from the beginning until the end of the week could be described as a danger for human health, while NO 2 can be described as good. It means that CO is harmful to all segments of the population including traders. While NO 2 does not have a significant health impact on the human bodies. In health risk assessment approach, both average risk quotient of CO and NO 2 had not exceed the guideline (>1) and not indicated any noncarcinogenic health risk to traders. However, the male might suffer from the effect compared with female. As we know that CO and NO 2 are dangerous pollutant which can have adverse health effects for humans and several studies have revealed it. Both pollutants can affect the respiratory system and cardiovascular system [40] [41] [42] , . CO can cause acute vertigo, binds to hemoglobin in red blood cells, reducing their ability to transport and release oxygen throughout the body [19] . Moderate exposure of CO to the occupants along the study area can aggravate cardiac ailments such as the brain and heart [43] . While NO 2 can cause asthma, and some study revealed that NO 2 can caused cancer [44] , [45] , [46] , [47] . Some of these health effects require a comprehensive approach and need quick and appropriate environmental management so that they do not cause adverse effects in the future. Some possible solutions that can be done are reducing the use of fossil fuels, using PPE if working in pollution-prone places and prioritizing the use of public transportation rather than private [48] , [49] , [50] .
Conclusion
The study shows the air pollution index of CO from the beginning until the end of the week could be described as a danger for human health especially to traders, thus requiring environmental management quickly and appropriately by the government to reduce the health impacts that may arise while NO 2 does not have a significant health impact on traders but still need to be maintained in the future. There is no health risk found to be associated with acute and chronic exposure to the pollutants through male and female traders, but for a male is more likely to suffer the health effects. Identification of the possibility of these pollutants will make valuable contributions to government and relevant stakeholders in taking more concrete steps to protect and prolong human lives. Additionally, these findings will assist policymakers in enforcing existing legislation that limits the release of pollutants into the atmosphere or institutes risk management strategies.
